An Introducfion to Optical Processing and its Applications [Summary] by R D Hobson MA (Physical Optics Group, British Aircraft Corporation, Filton, Bristol) Optical processing is used to improve the quality of two-dimensional pictures with respect to the extraction of certain information by a human being or by a machine. There are three types of approach: as an aid to viewing by human beings; as part of an automatic pattern recognition machine; and to measure some specific property such as power spectral density. In the medical field the first is probably of most interest.
The picture, in the form of a transparency, is placed in the optical system where it is illuminated with coherent light from a laser (some optical systems can use incoherent illumination but the range of transfer functions is limited). A lens produces the spatial frequency spectrum at a certain plane in the system. In this plane energy from the high spatial frequencies (which correspond to the fine detail in the picture) is diffracted away from the axis, whilst energy from the low spatial frequencies (corresponding to gross detail) is concentrated very close to the axis of the system. Spatial frequency is proportional to the distance from the axis. Therefore, if a graded density filter is placed in this plane, it will alter the spatial frequency content of the picture by transmitting different spatial frequencies by different amounts. The light then passes through another lens and the processed picture is reconstructed. The filter transmittance profile determines the transfer function of the system.
The system is analogous to a telephone line whose characteristics may be varied in order to improve reception of the transmitted signal. The only differences are that with optical processing the information is in two dimensions instead of one, and the frequencies are in space instead of time. In the same way that human speech can be transmitted using a very narrow bandwidth compared with the range of the ear, so optical images can be transmitted with narrow bandwidths and still remain intelligible. Furthermore, by making filters which pass spatial frequencies corresponding to the information of interest and which reject spatial frequencies corresponding to noise or irrelevant information, picture quality can be greatly enhanced.
In the medical field, optical processing should be used in enhancing X-ray photographs and electron micrographs. The process may simply be the removal of grain noise; or it may be to enhance the picture in some more subtle way such as sharpening defocused pictures or removing unwanted structure. One interesting application (Shamir & Winzer 1972 , Felstead et al. 1974 ) is the processing of multiple line traces for power spectral density. The traces could come from electrocardiograph or electroencephalograph machines and the advantage over conventional electronic methods is that of greater resolution. More generally, the advantage of optical processing over electronic processing is that the data handling capacity of the former is much greater than that of the latter because the latter processing is serial. For further information see Goodman (1968) .
